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Development of Modeling & Simulation Tool for Long Range Radar
Considering Operational Environment in Time Domain
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The performance of long range radar is affected by the atmospheric conditions and terrain, as well as the beam operation of the
radar system. In this paper, a modeling and simulation(M&S) tool was developed considering the external environment and radar systems
of long range radars for performance prediction, and was described using the verification method. Atmospheric refraction and wave
propagation were simulated using APM, to analyze the effects of the external environment. The beam template of radar, which is used
for actual radar systems, was utilized to analyze the effects of beam operation. The developed M&S tool was verified by comparison
with the experimental results obtained from three different situations and confirmed to be highly effective in predicting the performance
of long range radar.
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Fig. 1. The structure of M&S model.




Altitude [kfts]

T T rrrrrrrrrrorr

Range [NM]

(a) 27

(a) Elevation

Altitude [kfts]

Azimuth [deg]

) 397
(b) Azimuth

a8 2. 9 #A el 23
Fig. 2. Result of beam coverage.

212 2H|L} A2

RoakE dlojtte] A% ARLER FEHE, Y B
A gl g e W ES) e AP e TR

AZE 71k S84 S LT A7 dolt M&S =7 AN

Beam#1 Beam#2 eee Beam#N Beam#1
(118 |' || I RIX
PL PL PMFL

Q8 3. W A AT AR
3. The concept of beam scheduling.

doll A o &= Tt AlgdoldY A 1S
ZAAsH "ok 119 33 o] ¥ ¥R P4 ¢ 9P
(Pulse Repetition Interval)7} TFE2A FAE o] QoW 4]
(Dol whet 7+ Jlo] ZpA|sh= AlZke] ALk T F714 o
E R a3 9 A 2 A 55 dAkete AT
(passive listening: PL), stvhe] gl&38le] 2UH A& A
Ask= A17Kperformance monitoring fault location: PMFL)
o] A Hh HFHLE AME A7 2 A 2 F
& =R ShtElo] 7t WO FEAEE o] §H I, o]
2 Algdold 7HA o] Hrt

> &

-

M

Atime = Pulse_ Nm X PRI+ PL
(+ PMFL) (1)

RPM
60 ®)

A deg = 360° X Atime X

213 AT 2d
dolth 45e ekl AEE Quky
2ol dolth Aol o) gHu, o] 4 Fal EA 7]
S Wk $AE A5 3718 AN 5 9
Q.

P,G,G.N'1,N,0,
SNR= — X Gy,
(4r)’R'KTL,L,,, 3)
3
Gs‘l = Gt,'r - Gt,r X COS(9)2 (4)

593



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 7, Jul. 2019.

Py FAAHW) N, 82 F F371 i— 1A 99, S5, Aol 4 (6)3 2ol 7

G: BAIEWW) o, RCSE) PN Aol AR A (uA AR 5

G.: 520 E(W/W) R ¥7 712)(m) dGuHE A= 4 vk o] W Runge-Kutta 42} H-4]

A 3 Ly AZIEANN) SR R G A, S5 2R, e
= ALE3S 1=

7 B S A

r: Boltzman’s constant [W/(Hz K)]
T: A28 & S5K) 6: ¥ 2F ZHe(deg)

G, A3AE OJSWIW) G, ¥ 2% SHWW) 0 L+ Tsin(a) 1
w coso
- 2 2
e 7t W) 54T A2 ditgel o3 A7 RV v
TEste] 74 o A4Sk 2 Wvi AN ® gVn’—1  gtand
4o} 4 2719 MR ANE A AL v _V_
a= =gtang¢
ato) g4 o Rg dvgn " @
n: Sl R: 4397 (m)
H TN oOd N
22 &5 =2 a: 7HEE H P (misec) o1 A8(ke)
37 $ES DA RS 1o 74 njel 3 L: AN W EATHN)
A SARE D6 S50l nh & =il T FE0N a: E7Hdey)
EHE $EPEAS Agalo 84719 3% Y
B 5T Tejstalnh 222 NHele =2
Avele mde 27 715 24 B 327 54, 49
2'2'1 Eajl %% EE:%I =0 g = v o =
z7 5¢ Fe w4719 15E SAD ) RAY
NED ZHEAA 350 tat 7t7te] A= &5 2 Is TREE AZ, 4 A3, 1k WAl st
AN ERE AR 42T, ol FE A 28F
s 223 EX RCS

F= Zma—g— 718k0 2 3485 SEWA AL A
o,

[e]
=
Atk 7oA TR 3FE G 54 47 7Y

%4 2] RCS(Radar Cross Section)= X422 YALE =
=0, A3 = A3 Sl o3 =

ar =
V?g e o) whasle] ojthE 4aEs 7wl HjE u
] J_LXJ

2 A% F 9tk AbE E49) $ERAS oujaty £49] RCSE 93
F, = M 2 A, 2R wheh mskEo] w9 AT o]# et RCS
P O use mdse gEse vae A% wHe) 2w
X|  [Veosyeosy E4¢) RCS W3S E A3 Swerling £ o] 3)oH, 3
Y|=| Vcosysinyg EA 9] 7|5l wel RCS 715 YEE tERHELA
4 — Vsiny WEo] 25
= /y: = e—
M MV M Vcosy (6) 23 98 3 Do
i B3 % 2 7H(deg) P: S 7 (deg)
V: H3) 4 (m/sec) XY,Z]: 2494 APM B9$& B3 Aupdst A Adtehet £85
F AN M: % #H(ke) £ 07) ee) B¢ Av 240 Jurt Bes 7

594



43748 73 B dold M&S &= A

7)8ke]
T2 A} Bt FE A0 F normal 7] 7|E0E

3 FAE(N)T U 732 73RS A SE 0]
4 ojEH 25, AN 2L HolHE 7N A
& g lom, Az g AL, AErt bgE ghs 7HI,
As 2AEE A )T 2ol 98, 25, 714 § 3 A "] asof & Fiolrh
3 AatEm, o] & o] &3l 4 AE S491A9 O HFAHoE AN Au 2HEE
AAEE o 2= g t o] B ¢} A #x] o] Propagation factor(F)E AlAFsh=H| A}
S-¥t}, o]u PE(Parabolic Equation) =@ 5
N=T7.654373x10-% zamdo) 21719 oM Aulgo] THIA o
T : T2 (8) APM%_:'T—LEO]AZV/] S HEE d'lE](ﬂ S oo L]:Eﬂ
ol o} b1l h=] 2 dt 7|2 ol&3F AL3]
A Ak dojtk Aol dHHE AoEA(L,)S A
AwE Ao FARE ¥ 19 22 Azoz goige O % A 10 S AL oy A A
‘ 2220 K] oway) © oq g1 27k W
(standard, sub, super, normal, duct)& T-&-3h=H| ARE-E T} AT Y(way) 22 lelthe] wf Akt g2k B
i A=A
19 49 20] nomnal T)71E A1F0E sb tj7e) Ag B AEel 2EE Sdon.
3¢ 242 o] 8= de] YeRU, super 2 duct . B
719 A 2 24 JHE Jo] AR I el a ‘ Ey ©)
UEbdTh t7] e subd A5 Wol 92 S8 W A
woll ZefEd ok FaF> astAt Ao &2 A L,= 2010g(ﬂT —20log(F) (10)
hEOPL AR el TTERG oE wee v E: Qe sjglo] TgE SATeIN el 2E A7)
ﬂ ”X.]ff S RS T A R e Ey 594 Qv S| £A5e14 ) g 2]
ko) Ro) SRV 4
1_‘:]'- I, EH7] oF’H7} super, du?t ST -‘JEH U7‘] A A Iq‘;g_(m) R: Eﬁ.ﬂﬂ(m)
2 oA v, F8He] JFo] AL O w2 I
24 2 7t 45 AS
B A9 2d4% 9 di7] A
Table 1. Refractive gradients and conditions. glojtt AA Y F2 Eolste AledoldS 11 59
ol A @A €A RE AR FEHY, 7 FA4H
Atmosphere N-cradient Atmosphere N-cradient = s
condition -gradien; condition -gradien Eté] %9/] 7]'6‘01] r’q"j/]' %Z}%E} A}*%Z]'7]' }—7] -;—-%—291 /\]]’]‘
== = , dlo ARE JHsiH garey
Duct <157 Nkm | Normal |—79~0 Nikm L 5 ¥ EER, delt % i
(trapping) AZHET WA g Edoe] 7 etk A7 A S AL
Super | —157~—79 N/km Sub > 0 N/km ato] Golths FEsly, 1 ARE X EY 2 APMO|
Standard —39 Nkm Aggth ARG S5 WS S Aled Az 7
A 75 AAeta, APME W siE 2 A7 24 9
. _/S“b A BEE o] gate] ¢S WS daEAE AL
o 3tk dlolthl Wl zo s FAsuA B4 98,
Duct super F A AE B W Qe £A 0] EAEAE
aetatA =al Q-9 AE7h HE gARETE Al FE T
g3 a2 APMOZHE AupEA ghs dat
of 49 #2137 9 FaS AAtsttt oy ojtte]
T& 3 EH9 7)Fo] xHH Y, shte] A el o

Earth

a2 4. H7) Aol BE Andst e
Fig. 4. The concept of wave propagation by atmosphere

condition.

o] A+t 7] (sub, super, duct) Al H ] 7R &Ato] AajAm,
APMe] Ji A A

doltte] gxdsel & %= WA "zl 45 Al

= ==
5 45T

595



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 7, Jul. 2019.

Condition

+  Scenario

+ Targetinfo
» Radar info

Weather Data
+ Date Beam Template <——— | j10de
+ Location of Observation \L |

.&7 Beam Pattern

Terrain (Dted) Flight Radar Turn
+ Location of Radar Jr I I
o
no
In-Beam -
APM

'__::__:__:__:__:__:__:_:;;;:::::::::::::‘Detect
mode

J8 5 M&S 29 s5%

Fig. 5. The flow diagram of M&S model.

H7} 2% v &e]ol 74 3, PPI(Plan Position Indicator)
stol] AAEH, o] & x2o 2 ettt B 4 3
7]7P AAFHE @A X ExFoE gdsin, Ave
TEZHA Y Heolth F A 22E ol 34
}‘01 Hl &S 5l A5 2HES ALte
I veS 23 U 45 #E
31 AlLE|2

2 wrdME ot A vl 3 M&S BT AS5E

596

a8 6. A el Adu B2
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